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ON THE DISSCCUIATICH OF T TRIARYLCARBINCLA

0. F. CGinzburg

—~

In the 90's of the lzst century it hada aiready been
shown that the basic triphenylmethane dyr~s, in agueous solution,
undergo hydrolysis f1]. As a result of this hydrclysis a chemical
equilibrium is gradually esteblished in the solution, which in the
case of malachite green, for instance, may be represented by the
following equation:
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From equation (1 M) it follows by quantitative study
of the hydrolysis reactions it should be possible for us to
determine the dissociation corstants of' the seo-called carbinol
bases of the triphenylmethane dyes, ithat involve a detaching of
hydroxyl groups from the methene carbon atoms.

Having produced in chemically pure form the hydriodide
and hydrobromide salts of malachite green and of crystal violet,
we dete,mined the pH's of their aqueous eclutions at iemperature
19 + 19C. The velues found are shown in Teble 1.

e o A — e = -+ o gt A e s e

Table 1
H
Prepara- C 2 .
tion No. Kame of dye (mole/1) Pound %?égu%ggg% |
1 Hydrobromide of -3 »
malachite green 1.48°10 4,95 4.85 S
2 Hydrobromide of -3 S
malachite green 1.05°10 b.02 4,94 : T
) Hydrobromide of -4 D
' <:> crystal violet T.46 10 6. 40 6.25 '
4 Hydriodide of 4 .
crystal violet 9.60°10" 635 6.9




Quite recently Goldacre and Piillipa {2}, on the bvasis
of experiuentel data obtained from comparing the coioaration-
intensity of dve solutions at different pH's, calculated, for a
rnumoer of basic iriphenylmethane dyes, characteristics which
they called "equilidbrium ionization constants”, which sre in
fact the dye hydrolysis-constants. Using these constentz, »s
caieulated the pH values which cur sc’utions should posasss,

As is seen from Table 1, the experimentai and calcu-
lated values are extremely close; so too, therefore, the dis-
sociation constsnts of 4,4’ -tetramethyl-diamino-triphenylcarbinol
and 4,4’ ,4”-hexamethyl-triaminc~triphenylcarbinol, as caiculated
from the pH's of the dye solutions and as found on the basis of
the expsrimental data obtained by Goluacre and Phillips, ars in
satisfac.ory agreement. The dissociation constant found for 8
4,4’ -tetremethyl-diemino~triphenylecarbinol wes equal %0 9.24°10

and that of 4,4’ ,4”-hexamethyl-triamino-tripheaylcarbinoel equal
to 3.76°10"° (at 19°C).

Continuing with our study of the hydrolysis cof the
salts from which, when acted upon by 'alkaii, there are formed
the "pseudo-bases", we thought it of interzst to compare the
hydrolysis-constants of thess salts in different sclvents. 7o
this purpose we determined the hydrolysis-constants of the salts of
4,4’ -tetramethyl-diamino~-triphenylcarbinel, 4,4’ -tetramethyl-
diamino-diphenylcarbinol, diantipyryl-phenylicarbinol and 10-methyl-
9-phenyi-9-oxy~9,10-dihydroacridine, in aqueocus scetone. The
hydrolyeis-constants were calculated fror: the pH's of water-
acetone solutions containing equimoclecular quantities of tnhe
carbinol and its sslt, Table 2 gives & comparison of the pK's
of the above substances in aqueous ac¢tone and in water.

Table 2
| S
Prepara- P
tion No. Type of Carbinol In water In aqueous
acetone
1 4,4’ -tetramethyl-diamino-
diphenylcarbinol 5.61* 4,70
2 Diantipyryl-phenylcarbinol 6,56 5.50
3 4,4’ ~tetramethyl-diamino~
triphenylcarbinol 7.07 6,06
4 10-methyl-9-phenyl~-9-oxy-
9,10-dihydroacridine 9.58 8.53

We should mention thet the hydrolysis-constant of
malachite green was also calculated on the basis of data obtained
in the following experiment. A weighed sample of 4,4 -tetramethyl-

* According to Goldacre Phillip's data [2].
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dismine-iriphenylearbhinel was dissolved in & precisely measured |
guantity of sguesus acetone. After this solution had reached i
equilivrium, the hydrogen lon concentration was determined
potentiometrically, and the dye cation concentration pX by
eolorimatry. pk was ® calculated from formuls {2) and was

found to tw f.06, that is, it was in entirely satisfastory agreoe-
went with the values shewn in Table 8,

[ ROH]
[r*)

pK = pH - log (2)

fince the hydrolysis of the above-mentioned substances
constitutes a particular case of acid-base equilibrium, Lhen, as
we should expect from Bronsted's Theory (3) when we plot pK 5
in aqueous scetone against pK In water, ti. points lie quite
satisfactoriiy on & straight line, with the tangent of slope
equal to uniiy.

Cne might expect that In contrast to aqueous solutions
in nitrobenzene, in which it i2 impossible to have any solvatolysis
accompanied bty convsrsion of the dye cation into a compound with
the d-~covalent methane carben atom, the dissociation of the car-
binol bases must be very strong. The experiments performed support
this idea, Thus, for instance, we prepared nitrobenzene solutions
of 4,4° -tetramsthyl-diamino-triphenyl-carbinol and of 4,4, 4%-
hexamethyl-triamino-triphenylcarbinol, in which tis first substance
was found to be 70% dissoclated and the second 90% dissociated,

Accordingly, our findings in the present experiments
fully maintein the thesie that Ganch's so-called "pseudo-bases™
are capable of dissocliating in various solvents, with the splitti g
off of a hydroxyl gzroup. This dissociation, in the case of
4,4’y 4"-hexamechyl-triamino~triphenylcarbinol for instance, may
be re-regented as in equation (3).

W=y,

j r(uw” QCC"J): t

T
(ci).v < }m ;i — O = : C + OH

w(c ‘b)g L N(C H,) - (3) ‘

¢ Sentence imperfect in text. Two werds supplied by translator.
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EXPERIMENTAL PART

1, 4,4’ ~tetramsthrl-diamino~triphenylecarbvinol

0.1001 g of 4,4’ ~tetramethyl-~diamino-triphenylcarbinel
is dissolved in 70 ml of 60% aqueous acetones

Solution concentration C = 4.13°10"° mole/l, solution
pH 8,50, temperature 19 + 10, The adsorption spectrum of the
solution 18 gZiven in Table 3.

18048 O®

A mu D A op D A m D

500.0 0.024 600.0 0.480 630.0 C.678
520.0 0.035 620.0 0.652 6385.0 0.612
540.0 0.074 622.5 0.679 640.0 0.531
560.0 0.150 625.0 0.690 680.0 0.345
580.0 0.2567 627.5 0.686

The solution thus obtained was acidified w#ith O.1 n
hydrochloric acid solution and diluted 500 times with 60% aqueous
acetons, On the following day we took tne adsorption spectrum of

<:’ this dys solution, the pH of which was 4,30 (temperature 19 + 10C),
The concentration C of the dye in the solution was 0,82°100 mole/l.

The adsurption spectrum of the solution is shown in
Table 4.

Table 4

A mp D A D A my D

620 0.008 600 0.212 6.0 0.365
540 0.027 610 0.2956 640 0.285
560 0.070 620 0.366 650 0,178
6580 0,131 626 0.376

2., Determination of pH of Aqueous Solutions of Certain Dyes

A weighed sample of the salt was dissolved in water.
The pH's of the solutions in all the experiments were determined
by means of a pH-meter with glass aud mercurous chloride elec-
trodes at 19 + 19C. PFindings are shown in Table 6.

® All the spectrophotometric determinations were made with &
8F-11 epectrophotometer.
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/ Tablc §
g (:5 Prepara-~ Sample Quantiiy
tion No. Dissolved Salt (in g) of water pH
{(in m1)
1 Hydrobromide of malachite
green U. 0607 100 4,95
2 Hydriodide ol malachite
green 0,0481 100 ».02
3 Hydrobromide of crystal .
violet 0. 0508 150 6.40
4 Hvdrindide n® arystal °
violet 0.0479 100 Oe O
) Nitrate of antipyrin
orange 0. 0797 100 4,70
6 10-methyl~9-phenyl~
acridinjium iodigde 0.0900 100 6,10

. * 0.0912 100 6.10

3., Determination of pK of Certain Salts in Aqueous Acetone i

A welghed sample of the subsiance is dissolved in 70 ml
of 60% aqueous acetone., If a salt is taken, we add 0.5 equivalents ;
of NaOH, but if a base 18 taken we add 0.5 equivalents of hydro- i
(:) chloric acid. Next day we determined the solution pH at tem-
perature 19 + 1°C. PFindings are shown in Table 6.

;
Table 6 !

Prepara-~ 0.1 n solution
tion No. Dissolved Salt Sample added (in ml) pH
fic1 NaOH . %
1 Hydrobromide of
malachite green 0.0588 - 0.72 6.05
2 4,4’ -tetramethyl-
diamino-triphenyl-
carbincl 0.1886 8.7 - 6.05
3 Nitrate of antipyrine
orange 0.1004 - 0.95 5,50
4 Diantipyryl-
phenylcarbinol 0,1231 1.28 - 5.50
5 4,4' ~tetramethyl- .
diamino-diphenyl-
carbinol 0s1102 2,04 - 4,70
6 10-methyl-9-phenyl-
acridinium iodide 0.1448 - 1.82 8.60
7 10-methyl-9-pheny.-9~ .15156 2.64 - 8.60
0xy~9,10-dihydro- {8.1517 2.64 - 8.50
acridine 0.1623 2.6b - 8.65 ; v
; 7
O O FarT of 1ine seess to be saltted In this tadle. (Transiater.) l
-85 - '
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4, Adsorption Spectra of Solutions of the Dyes and
Their Carbinol Bases in Nitrobenzene

a) 4,4'-tetramethyl-dlamino-tripheaylcarbinol and the
hydriodide salt of melachite green were dissolved in nitrobenzene.
We heated the resulting solutions for 2 hours at 80°C on a water

bath, cooled them, and on the following day took the adsorption
spectra (Table 7).

The applicability of Baer's Law to solutions of
malachite green in nitrobenzene has been demonstrated previously {4].

The concentration of the dye caticn in the nitrobenzene

sclution of 4,4’ -tetramethyl-diamino-triphenylcarbinol was 4:.0'10"5
g-ion/1.

Tabie 7

D

Hydriodide of 4,4’ -tetramethyl-
A my malachite green diamino-triphsnylecar~
C - 4,310"° hinol C = 5,8°107°

mole/1.

mole/1.

500 C.42 0.40
620 0.856 0.81
630 1.09 1.04
636 1,16 1.09
640 1.06 1.01

660

0.79 0.75

b) We prepared nitrobenzene solutions of 4,4',4"-

hexamethyl-~triamino-triphenylcarbinol and of the hydriodide of
crystal violet in nitrobengene, The adsorption spectra of the
solutions were taken after three weeks' time (Table 8),

The conceniration of the dye cation in the nitrobvenzene
solution of 4,4’ ,4”-hexamethyl-triaminc-triphenylcarbinol was

78+10~° g~lons/1.
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D

Hydriodide of
crystal violet

4,4’ ,4"-hexamethyl-triamino
triphenyloarbinol

A my -5 -5
C = 5°10 C = 8°10"° mole/l.
mole/1.
550 0.237 0.444
590 0.450 0.670
600 0.497 0. 720
605 0.491 G. 700 !
610 0.468 0.658 g
620 0. 381 0. 502 !

the dye. This disscoclation takee placa not only in water, but
) also in othe» solvents.
REFEKENCES
{1] Rosenstiehl, Bl, Soc. Chim. (3), 15, 977 (1896).
{¢] R, J. Goldacre, J. N. Phillips, J. Chem. Soc., 1949, 172.
[3] A. I. SHATENSHTEIN., Teoriya Kislot i osnovanii /Theory of
Acids and Bases/. GEKhI.*
{4} O. F. GINZBURG, V. P. TERUSHKIN. Zh.Obsh. Khim. 23, 1049 |
(1953).
Received by Editors, The A. Ye. Porai-Koahic
December 25, 1952, Lavoratory of JUrganic Dye -
Technology.

* Abbreviation possidly "National Chemical Press™,

The carbinol compounds of triarylmethane dyes (Ganch's
so~-called "pseudo-bases") are capable of dissociating, with
-gplitting off of a hydroxyl group and formation of cations of

CONCLUSIONS

The Lensovet Institute of
Technology, Leningrad.




